According to the amyloid cascade hypothesis, Alzheimer's disease is the consequence of neuronal cell death induced by b-amyloid (Ab), which accumulates by abnormal clearance or production. On the other hand, recent studies have shown cell death-induced alteration in amyloid precursor protein (APP) processing, suggesting potential mutual interactions between APP processing and cell death. We have shown previously that the cell death caused by DNA damage-inducing agents (DDIAs) facilitated c-secretase activity and Ab generation in a Bax/Bcl-2-dependent, but caspase-independent manner. Here, we attempted to elucidate the downstream mechanism that modulates c-secretase activity in DDIA-treated cells. N-acetyl cysteine, a potent antioxidant, attenuated DDIA-induced enhancement of c-secretase activity but failed to rescue cell death. Overexpression of heat shock protein 70, which blocks cytochrome c release from mitochondria, also reduced c-secretase activity. Moreover, glutathione depletion significantly facilitated c-secretase activity and Ab generation by enhancing the formation of higher molecular weight c-secretase complex before signs of cell death developed. Finally, Ab treatment, a known inducer of oxidative stress, also increased c-secretase activity. Taken together, these results indicate that DDIA-induced c-secretase activation is dependent on augmented oxidative stress, and that Ab and c-secretase may activate each other. On the basis of these results, we propose a feed-back loop between oxidative stress and Ab generation mediated by c-secretase activation.
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b-and g-secretases are the enzymes responsible for Ab generation by the sequential cleavage of amyloid precursor protein (APP). Therefore, targeting g-secretase can be an effective therapeutic strategy to prevent and treat AD. However, g-secretase excises more than 25 substrates besides APP, 3 and its complete absence or inhibition has been reported to have severe side effects in knockout, conditional double-knockout, and inhibitor-treated mice. [4] [5] [6] Therefore, an alternative may be to modulate the activity of g-secretase to a more tolerable degree. To this end, it is critical to understand the regulatory mechanisms of g-secretase activity.
Nevertheless, although neuronal death is the direct cause of AD, researchers have not focused on the alteration of APP processing during neuronal cell death, and there are few reports that describe the increased production of Ab under apoptotic conditions, such as KCl deprivation or cytotoxic drug treatment. 7, 8 We recently reported evidence that g-secretase activity and Ab generation were upregulated in a Bax/Bcl-2-dependent and caspase-independent manner during DNA damage-inducing agent (DDIA)-induced apoptosis. 9 Apoptotic pathways can be categorized into two subtypesthe intrinsic, mitochondrial-mediated pathway and the extrinsic, death receptor-initiated pathway. 10 Cytotoxic drugs, such as etoposide (Eto) and camptothecin (Cmt), and also UV and g-irradiation, are known to trigger the intrinsic pathway of apoptosis. 10 Cytochrome c (CytC) released from mitochondria, together with dATP, apoptotic protease-activating factor-1 (Apaf1), and procaspase-9, forms complexes called apoptosomes. Procaspase-9 is cleaved to active caspase-9, which is followed by activation of downstream effector caspases.
Reactive oxygen species are involved in the induction or enhancement of apoptosis. Small quantities of reactive oxygen species (ROS), including superoxide anions (O2 K À ), hydrogen peroxide (H 2 O 2 ), and hydroxyl radicals ( K OH), are continuously generated in mitochondria as a consequence of oxidative phosphorylation. The production of ROS increases dramatically upon stress stimulation, such as that imposed by cytotoxic agents, UV, or g-irradiation.
Oxidative stress also plays a key role in the initiation and progression of AD, inducing neuronal cell death by damaging cell membranes and the cytoskeleton. 11 Tamagno et al. 12 reported that the oxidative stress induced by such insults as ascorbate/FeSO 4 , H 2 O 2 /FeSO 4 , and 4-hydroxynonenal increased the expression and activity of b-secretase (BACE1). Notably, Ab treatment, known to increase intracellular oxidative stress levels in vivo and in vitro, 13,14 also upregulated BACE1 expression and activity. 15 However, the correlation between oxidative stress and g-secretase activation has not been reported.
On the basis of our previous report that DDIA-induced g-secretase activation was blocked by overexpression of Bcl-2 or treatment with furosemide (a Bax translocation blocker) but not by downstream caspase inhibitor treatment, we attempted to determine the association of oxidative stress during apoptosis with g-secretase activation.
Results
DDIA-induced oxidative stress enhances c-secretase activity and Ab generation. In our previous report, Bcl-2 overexpression and furosemide treatment significantly lowered g-secretase activation by DDIAs, and here we explored the possibility that increased ROS or reactive nitrogen species (RNS) in mitochondria are responsible for g-secretase activation.
CHO-C99 cells, CHO cells containing a luciferase reporter system for g-secretase activity, 9 were treated with Eto or Cmt, and ROS and RNS levels were measured in a fluorescence assay involving the oxidation of nonfluorescent 2 0 ,7 0 -dichlorodihydrofluorecein diacetate (H 2 DCFDA) to fluorescent dichlorofluorescein (DCF), as well as by changes in intracellular glutathione levels in a colorimetric assay based on the oxidation of glutathione (GSH) by 5, 5 0 -dithio-bis-(2-nitrobenzoic acid) (DTNB), as described in Materials and Methods.
We detected the gradual increase of intracellular oxidative stress. The activation of g-secretase was detected at 48 h after Eto treatment and 24 h after Cmt treatment. This activation coincided with the increase of ROS or RNS and the decrease of intracellular glutathione (Figure 1a and b) . To examine whether this concurrence was relevant to the mechanisms of g-secretase activation, we treated cells with various antioxidants of ROS and RNS. In both cases of DDIA, the potent antioxidant N-acetyl cysteine (NAC; 1 mM) effectively reduced the activation of g-secretase, and the cell-permeable form of reduced glutathione (glutathione ethyl ester; GSH; 5 mM) also significantly lowered g-secretase activity. However, the nitric oxide synthase inhibitor L-N Gnitro-L-arginine methyl ester (L-NAME; 100 mM) had no effect on g-secretase activity (Figure 1c and d) . The basal activity was not affected by these antioxidants (Supplementary Figure  1) . These results suggest that the ROS generated by DDIA treatment are responsible for the activation of g-secretase.
To confirm the effect of antioxidants on Ab generation, the level of Ab secretion was measured in CHO-swAPP cells -CHO cells overexpressing human Swedish APP -treated as above. Increased Ab 40 was reduced to near control levels by NAC, but not by L-NAME (Figure 1e and f, upper panel). Ab 42 was not detected in a range in this cell line. Total APP levels indicated that the change in Ab generation was not due to the change in APP levels because APP levels were constant (Figure 1e and f, lower panel). Interestingly, ROS scavengers failed to rescue cell death (Figure 1g and h) , indicating that the effect of antioxidants was not a result of the inhibition of cell death.
ROS responsible for c-secretase activation is generated from CytC-depleted mitochondria. In mitochondria, superoxide is first generated and converted to H 2 O 2 by superoxide dismutase (SOD), and superoxide or H 2 O 2 is transformed to hydroxyl radicals by Fenton reaction or Haber-Weiss reaction. 16 To examine the kind of ROS that was responsible for g-secretase activation among these, we treated the scavenging enzymes or chemical for each specific ROS to the cells. Both catalase (CAT) -the scavenger for H 2 O 2 -and sodium formate (Fmt) -the scavenger for hydroxyl radicals -significantly reduced DDIAelicited g-secretase activity, whereas SOD -the scavenger for superoxides -failed to block g-secretase activation (Figure 2a and b) . To confirm whether the main source of ROS generated by DDIA treatment is mitochondrial electron transport chain, we examine the contribution of another known source of ROS, that is, xanthine oxidase and NAD(P)H oxidase. As shown in Figure 2c and d, xanthine oxidase-specific inhibitor, allopurinol (Allo), and NAD(P)H oxidase inhibitor, apocynin (Apo), failed to block g-secretase activation by DDIA treatment (Figure 2c and d) . These results indicate that mitochondrially generated ROS, especially H 2 O 2 and hydroxyl radicals, are responsible for g-secretase activation.
It has been reported that when the intrinsic apoptosis pathway is turned on, CytC is released from mitochondria, and the depleted mitochondria harbor the generation of ROS. 10 When DDIAs were applied, CytC levels released in the cytosol increased in a time-dependent manner as previously reported (Figure 3a) . 17 To confirm that the increased g-secretase activity by DDIA treatment was mediated by mitochondrial ROS due to the depletion of CytC, we overexpressed heat shock protein 70 (Hsp70), which is known to inhibit the release of CytC from mitochondria, 18 in CHO-C99 cells. The overexpression of Hsp70 effectively blocked CytC release from mitochondria to the cytosol and thus significantly reduced the g-secretase activity (Figure 3b and c).
MPTP blockers have no effect on DDIA-induced c-secretase activation. Because of controversy surrounding whether mitochondrial permeability transition pore (MPTP) blocker has any effect on the release of CytC, [19] [20] [21] we attempted to resolve whether MPTP blocker impaired DDIA-induced g-secretase activation in our experimental system. Treatment with cyclosporine A (CyA; 0.5 mM), known to inhibit MPTP opening by binding to cyclophiline D, or another MPTP inhibitor, decylubiquinone (dUbq; 50 mM), showed no effect on the release of CytC following activation of g-secretase by DDIA in CHO-C99 cells ( Figure  4a and b) . Moreover, cell death was also unaffected by MPTP blocker (Figure 4c and d) , suggesting that blockage of only MPTP is insufficient for decreasing CytC release following g-secretase activation and apoptosis in our system.
Glutathione depletion and Ab treatment increase c-secretase activity and Ab generation. To confirm whether increased g-secretase activity resulted from increased oxidative stress, we treated CHO-C99 cells with diethyl maleate (DEM), an intracellular glutathione-depleting agent. This treatment led to a dose-dependent increase in g-secretase activity and DCF fluorescence, as well as a dose-dependent decrease of intracellular glutathione over 6 h ( Figure 5a) . But, as shown in Figure 5b , DEM treatment did not decrease cell viability in this period. To address whether this increase of g-secretase activity was linked to the elevation of Ab secretion, we administered DEM to primary cortical cultures from Tg2576, human Swedish ). Cytosolic proteins were isolated and assayed for g-secretase activity by luciferase assay and for the release of CytC by immunoblotting. Anti-Hsp70 antibody was used to confirm Hsp70 expression, and anti-b-actin antibody was used to determine loading controls. Data are presented as mean ± S.E. of three independent experiments performed in triplicate. ***Po0.001 versus vehicle-treated sample; ## Po0.01, ### Po0.001 versus DDIAtreated sample. Eto; filled bar and Cmt; hatched bar APP-overexpressing mice. Similar to g-secretase activation, Ab 40 and Ab 42 levels were also increased by DEM treatment in a dose-dependent manner (Figure 5c ) without any changes observed in Ab 40/42 ratio and APP levels ( Figure  5d and e).
As it is well known that Ab also increases oxidative stress via several pathways, 22, 23 we examined whether the oxidative stress generated by exogenous treatment with Ab increased g-secretase activity. CHO-C99 cells treated with synthetic Ab 42 peptide for 24 h indeed showed increased g-secretase activity in a dose-dependent manner (Figure 5f ).
Oxidative stress enhances the formation of high molecular weight c-secretase complex. As the protein levels of each g-secretase component in total lysates were not changed in our previous report, 9 we explored the mechanism that can regulate the g-secretase activity without affecting protein levels. To test the possibility that the amount of active g-secretase complex is affected, we tried blue native-polyacrylamide gel electrophoresis (BN-PAGE). g-secretase is known to form several kinds of high molecular weight complexes of 220B250, 400B500, and 800B1000 kDa. 24 We could detect g-secretase complexes of those molecular weights with anti-Pen-2 antibody. By DEM treatment, g-secretase complex having high molecular weight (4800 kDa) was increased, whereas that having low molecular weight complex (400B500 kDa) was decreased ( Figure 6, upper panel) . Pretreatment of NAC inhibited the change of complex pattern. At the same time, the expression levels of each component remained unchanged ( Figure 6 , lower panel).
Discussion
The generation of Ab, through sequential cleavage of APP by b-and g-secretase, is considered to be the most critical step in the pathogenesis of AD. Recently, due to the importance of these secretases as drug targets for AD treatment, concerted efforts have been devoted to elucidating the regulatory mechanisms of these enzymes, leading to a greater understanding of these two aspartic proteases.
However, g-secretase has certain characteristics that differentiate it from other enzymes, which makes it more difficult to understand its biology: (1) it is a multimeric protein, composed of at least four proteins -Presenilin (PS), Nicastrin (Nct), Pen-2, and Aph-1; (2) the expression of these four proteins is very tightly regulated and affected each other; (3) except for Nct, the proteins are very hydrophobic; and (4) the As a contribution to these advances, we demonstrated that g-secretase activity is facilitated during DDIA-induced apoptosis. 9 Here, we provide evidence that the g-secretasedependent cleavage of APP is under stimulatory control by ROS during DDIA-induced apoptosis. This finding is further supported by the increase of g-secretase-mediated cleavage of APP upon treatment with DEM, which depletes intracellular glutathione. Our results also provide evidence that increased Ab, in turn, activates g-secretase, possibly by stimulating ROS generation.
It is well known that oxidative stress is one of the major contributing factors for AD pathogenesis. For example, Paola et al. 25 and Frederikse et al. 26 reported that intracellular Ab production increased as a result of oxidative stress in culture systems. In addition, Aplet et al. 27 established the correlation between aging-related increases in oxidative stress and b-secretase activity with Ab plaque formation in a mouse model of AD.
Apoptosis is frequently accompanied by the generation of ROS, resulting in part from mitochondrial release of CytC following disruption of the electron transport chain, even in the absence of downstream caspase activation. 28 In our previous report, caspase inhibitor treatment failed to block the activation of g-secretase elicited by DDIA treatment. 9 As this finding does not provide a causal correlation of g-secretase activity, we further examined the relationship among DDIAinduced apoptosis, oxidative stress, and g-secretase activity. Our present study shows that intracellular ROS or RNS increased dramatically and that glutathione levels declined substantially with DDIA treatment (Figure 1a and b) . The relevance of increased ROS to g-secretase activation was proven by the effect of antioxidants (Figure 1c and d) . Moreover, our results demonstrating the blockage of g-secretase activation and CytC release by Hsp70 overexpression and the ineffectiveness of inhibitors for xanthine oxidase and NAD(P)H oxidase strongly implied that ROS were generated from the mitochondrial electron transport chain and corresponded to the previous report that Bcl-2 overexpression attenuated DDIA-elicited g-secretase activation (Figure 2 and 3) . 9 In Figure 1a , the decrease of glutathione in response to the treatment of genotoxic agent preceded the increase of ROS. As glutathione is known to participate and be depleted in detoxification of xenobiotics, it might be possible that the rapid decrease of glutathione is related to the detoxification of DDIA rather than ROS. Though the decreased level of intracellular glutathione could still contribute to oxidative stress, ROS production was delayed to late time point. It implies that the increase of g-secretase activity is mainly dependent on the level of ROS, which is associated with glutathione depletion.
Reactive oxygen species generated from mitochondria are categorized into three groups: superoxide, H 2 O 2 , and hydroxyl radical. As shown in Figure 2a and b, the scavenger for H 2 O 2 and hydroxyl radical was effective, but SOD was not. We speculate that this ineffectiveness is due to the immediate conversion of superoxide to H 2 O 2 by SOD or the inaccessibility of exogenous SOD to the mitochondria in which superoxide is generated.
There is some controversy surrounding the effectiveness of MPTP blocker in the rescue of CytC release and cell death. Many studies have shown the neuroprotective effects of CyA against neurotoxic agents. However, some reports have suggested that the release of CytC occurs through an outer membrane pore that does not require the MPT or mitochondrial swelling. 19 Moreover, it was shown that CyA enhanced or induced apoptosis. 20, 21 In our conditions, the MPTP blockers, CyA and dUbq, failed to halt CytC release and cell death, indicating that g-secretase activation is not dependent on MPTP but on the release of CytC (Figure 4 ). The importance of ROS generated by CytC release was confirmed by use of another oxidative stress inducer, DEM, which is known to increase intracellular oxidative stress by depleting glutathione, endogenous ROS scavenger together with thioredoxin. Treatment with DEM for 6 h did not induce cell death but significantly increased g-secretase activity, suggesting that oxidative stress solely activates g-secretase and that initiation of cell death is not required for the activation of g-secretase (Figure 5a and b) . Moreover, Ab, known to increase oxidative stress by several mechanisms, also facilitated the activation of g-secretase (Figure 5f ). However, H 2 O 2 treatment did not increase g-secretase activity (data not shown), indicating that the mechanism governing g-secretase activation differs from that of b-secretase under oxidative stress conditions, which is activated by H 2 O 2 treatment. 12 This observation suggests that chronic oxidative stress is required for the activation of g-secretase and that this is due to the more complicated regulatory mechanisms of g-secretase, compared with b-secretase.
DNA damage-inducing agent-induced g-secretase activation was shown to be induced by enhancing the formation of high molecular weight complex ( Figure 6 ). This change of complex size can be mediated by several mechanisms like change of subcellular localization, post-translational modification, microenvironment and binding of complex modulators. In our preliminary experiments using immunoprecipitationcoupled Western blotting, DDIA treatment did not show any change in carbonylation, an oxidative modification marker, or phosphorylation of any component of g-secretase (data not shown). However, as the sensitivity of Western blotting assay could not be enough to detect the subtle change of modification, we are investigating the modification of g-secretase components using another method as well as other suggested possibilities.
Taken together with our previous report, death signals such as DDIA treatment induce the release of CytC through Bax translocation into the mitochondria, effecting apoptosome formation of CytC together with procaspase-9 to activate downstream caspase activation, which is irrelevant to g-secretase activation. Recently, it was reported that PS1 and APP are cleaved by caspases, which did not affect Ab generation. 8, 29 Moreover, we also provided evidence that caspase inhibitor treatment did not attenuate activation of g-secretase by DDIA treatment. 9 At the same time, the mitochondrial electron transport chain lost electron acceptorCytC -produced large amount of ROS, which activated g-secretase in a direct or indirect manner and thereby increased Ab generation (Figure 7 ). These observations are consistent with the report that the antioxidant treatment could reduce the amyloid deposition in transgenic AD model mice. 30 Moreover, the most supportive in vivo evidences were recently presented by Arumugam et al. 31 In this report, g-secretase activity was increased in response to ischemic reperfusion, a well-known inducer of oxidative stress.
In some reports, it was shown that cells overexpressing mutant PS1 are more vulnerable to the stress conditions, and oxidative stress is involved in the increase of this Figure 6 Oxidative stress enhanced the formation of active g-secretase complex. Membrane fractions were prepared from CHO-C99 cells treated with vehicle, DEM (250 mM), or DEM þ NAC (2 mM) for 6 h. Membrane proteins were applied for the BN-or SDS-PAGE as described in the Materials and Methods. Representative data from three independent experiments are shown vulnerability. 32 Moreover, recent report by Schuessel et al.
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presented in vivo evidence that familial mutation of PS1 increases ROS level and oxidative damage. As familial mutant PS1 has been known to reduce Ab 1À40 , 34 the increased Ab secretion in response to oxidative stress seemed to be a paradox compared to our results in which oxidative stress increases the generation of both Ab species. However, the mechanism of Ab-ratio alteration by mutant PS1 has not been fully established yet and our results were obtained using endogenous PS. Therefore, it needs to be confirmed how the g-secretase complex containing mutant PS responds to oxidative stress.
Increased Ab can act as another death signal, directly, inducing mitochondrial dysfunction or indirectly, increasing intracellular ROS generation through disruption of calcium homeostasis to form a positive feed-back loop, accelerating the production of Ab (Figure 7 ). This vicious cycle could be the possible mechanism that turns on 'Amyloid cascade' in sporadic AD. As another explanation according to 'Alternate amyloid hypothesis', 35, 36 the increased Ab generation via g-secretase activation during oxidative stress could be regarded as one of the cellular defense mechanism. Our data presented here are supportive for both hypotheses.
Taken together, these results indicate that DDIA-induced g-secretase activation is dependent on oxidative stress augmented during DDIA-induced cell death, and reciprocally, increased Ab may activate g-secretase. On the basis of these results, we propose a positive feed-back loop between oxidative stress and Ab generation mediated by g-secretase activation as a mechanism of sporadic AD pathogenesis.
Materials and Methods Chemicals. Eto, Cmt, NAC, GSH, L-NAME, STS, SOD, CAT, Fmt, Allo, Apo, CyA, dUbq, and DEM were purchased from Sigma-Aldrich. Ab 1À42 synthetic peptide was purchased from Bachem.
Cell culture and drug treatment. CHO-C99 cells, containing a reporter system for g-secretase activity as described in our previous report, 9 and CHO-swAPP cells overexpressing human Swedish mutant APP were maintained in Dulbecco's modified Eagle's Medium (DMEM; HyClone) and F12 medium (HyClone), respectively, containing 10% fetal bovine serum (FBS; HyClone) with 0.1 mg/ml penicillin and streptomycin (P/S; Sigma-Aldrich). The primary cortical cultures were obtained from Tg2576 mouse brains (gifted from Dr. Hsiao-Ashe, University of Minnesota, MN) at postnatal day 1 and maintained in DMEM supplemented with 5% FBS, 5% horse serum, 0.1 mg/ml P/S, and 0.25 mg/ml Fungizone (Sigma-Aldrich) at 371C for 7 days before treatment. DDIAs were diluted in DMEM containing 0.1 mg/ml P/S, administered to CHO-C99 cells at the indicated concentration for 48 or 24 h (serum starvation for 24 h was performed prior to Cmt treatment).
Transfection. Transfection of the CHO-C99 cells was performed using Lipofectaminet LTX according to the manufacturer's protocol (Invitrogen). Briefly, cells were seeded in 12 wells (2 Â 10 5 cells per well) for the luciferase assay and in 100-mm culture plates (80% confluent) for fractionation of cytosolic proteins 24 h prior to transfection. The human Hsp70 cDNA construct was mixed with Lipofectamine LTX in OptiMEM (Invitrogen). After 30 min of incubation, the mixture was then added to the cell culture medium for 1 day and treated as above.
Luciferase reporter assay. CHO-C99 cells were incubated in 12-well plates at a density of 2 Â 10 5 cells per well for 1 day with drug treatments as described. After the treatment, cells were lysed with 1 Â Passive Lysis Buffer (Promega). Protein concentrations were determined using a BCA kit (Pierce). One hundred microliters of the luciferase substrates (Promega) were mixed with 10 mg of the lysate. The luciferase gene expression level was determined using a luminometer (Lumet; Berthold Technologies).
Quantitation of intracellular glutathione. Total glutathione levels were measured using the DTNB-GSSG reductase recycling assay. 37 CHO-C99 cells treated with Eto, Cmt, or DEM were washed with phosphate-buffered saline (PBS), detached, and counted. A total of 2 Â 10 7 cells were pelleted and resuspended in 100 ml ice-cold 5% 5-sulphosalicylic acid. After centrifugation, cleared supernatants were mixed with 150 ml of assay mixture (95 mM potassium phosphate buffer (pH 7.0), 0.95 mM EDTA, 38 mg/ml NADPH, 31 mg/ml DTNB, and 0.115 U/ml glutathione reductase) and incubated for 5 min at room temperature (RT). After adding NADPH, absorbance was measured at 412 nm with kinetic readings at 1 min intervals for 5 min using a plate reader (PowerWave Xs; BIO-TEC).
Measurement of intracellular ROS. Intracellular ROS level was measured using carboxy-H 2 DCFDA (DCFDA) fluorescence according to the previous report. 38 Briefly, cells grown in 12-well plates were treated with DDIA, and cells were then incubated for 15 min with the ROS/RNS-sensitive fluorophore DCFDA (5 mg/ml). The cells were then immediately washed with PBS, detached, and counted. The same numbers of cells were pelleted and resuspended in 100 ml ice-cold KrebsRinger's solution. Fluorescence was measured at excitation 493 nm and emission 522 nm using a fluorometer (LS-55; PerkinElmer).
Ab ELISA. Human Ab 40 and Ab 42 levels were quantified using a commercially available ELISA kit from Biosource as guided by manufacturer. In brief, conditioned media from DDIA-treated CHO-swAPP cells were loaded onto plates coated with Ab N-terminal-specific antibody and incubated with Ab C-terminal-specific antibody for 4 h at RT. Ab was detected by incubating for 30 min at RT with horseradish peroxidase-conjugated secondary antibody. ELISA plates were developed using a color reaction, and the absorbance was read at 450 nm using a plate reader (POWER-XS; BIO-TEK).
MTT assay. Reduction of 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) by mitochondrial reductase was carried out using protocols based on a previous report, with slight modifications. 39 After treatment with DDIA, 10 ml of 5 mg/ml MTT in phosphate buffer solution was added to the cell culture, which was incubated at 371C in 5% CO 2 for 4 h. After evacuation of the culture medium, 100 ml DMSO was subsequently added to the cells and the colorimetric determination of MTT was made at 570 nm. The absorbance obtained by the addition of vehicle was taken as 100%.
Western blotting. Total protein extracts were prepared with RIPA buffer for detection of APP and Hsp70 levels. To measure CytC release from mitochondria, cytosolic fractions were prepared using the Mitochondrial Fractionation Kit (Active 
